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In the title compound, CnHioBrNOs, two independent 
molecules (A and B) crystallize in the asymmetric unit. The 
dihedral angles between the mean planes of the 4-bromo- 
phenyl ring and amide group are 24.8 (7) in molecule A and 
77.1 (6)° in molecule B. The mean plane of the methylidene 
group is further inclined by 75.6 (4) in molecule A and 
72.5 (6)° in molecule B from that of the amide group. In the 
crystal, N— H- ■ O hydrogen bonds formed by amide groups 
and O— H- ■ O hydrogen bonds formed by carboxylic acid 
groups are observed and supported additionally by weak C— 
H- ■ O interactions between the methylidene and amide 
groups. Together, these link the molecules into chains of 
dimers along [110] and form i?l(8) graph-set motifs. 

Related literature 

For the pharmacological activity of amide derivatives, see: 
Galanakis et al. (2004); Kumar & Knaus (1993); Ban et al. 
(1998); Ukrainets et al. (2006), Lesyk & Zimenkovsky (2004); 
Gududuru et al. (2004). For related structures, see: Nayak et al. 
(2013(3,6). For standard bond lengths, see: Allen et al. (1987). 



Experimental 

Crystal data 

CiiHioBrNO, 
M, = 284.11 
Triclinic, PI 
a = 6.2782 (4) A 
b = 8.3251 (5) A 
c = 21.3244 (12) A 




fj. = 5.04 mm 
r= 173 K 

Data collection 

Agilent Eos Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO and CrysAlis 

RED; Agilent, 2012) 

r„i„ = 0.162, r„„„ = 1.000 

Refinement 

R[F^ > 2aiF^)] = 0.076 

wR(F^) = 0.227 

S = 1.03 

4131 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



0.44 X 0.28 X 0.14 mm 



7163 measured reflections 
4131 independent reflections 
3490 reflections with / > 2o-(/) 
Ri„, = 0.033 



291 parameters 

H-atom parameters constrained 
Ap„a„ = 2.73 e A"' 
A/Oni„ = -0.79 e A"' 



D-H-A 


D-H 


H---A 


D---A 


D-H- - A 


03A-H3A- - -02B' 


0.84 


1.85 


2.685 (5) 


174 


NIA-HIA- - -OIB" 


0.88 


2.06 


2.933 (5) 


170 


03B-H3B- ■ 02/1'" 


0.84 


1.82 


2.654 (5) 


170 


NIB-HIB- ■ OM" 


0.88 


2.04 


2.848 (6) 


152 


C5B-H5BB- - -OlA" 


0.95 


2.54 


3.464 (7) 


164 


Symmetry codes: (i) x, y, z 

-.v + 2, -y + 2, -z-(-l;(v) - 


-1; (i 

-.v+1,- 


) -x + l,-v- 
-v + 2, + 


^1,-1 + 1; (iii) 


x,y,z + l; (iv) 



a = 96.462 (5)° 
P = 92.026 (5)° 
Y = 95.390 (5)° 
V= 1101.38 (11) A' 
Z = 4 

Cu Ka radiation 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis RED (Agilent, 2012); 
program(s) used to solve structure: SUPERFLIP (Palatinus et al., 
2012); program(s) used to refine structure: SHELXL2012 (Sheldrick, 
2008); molecular graphics: OLEX2 (Dolomanov et al, 2009); software 
used to prepare material for publication: OLEX2. 
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Supporting information for this paper is available from the lUCr 
electronic archives (Reference: BT6983). 
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4-[(4-Bromophenyl)ammo]-2-methylidene-4-oxobutanoic acid 
B. Narayana^ Prakash S. Nayak^ Balladka K. Sarojini and Jerry P. Jasinski 

1 . Comment 

Amide bonds play a major role in the elaboration and composition of biological systems, which are the main chemical 
bonds that link amino acid building blocks together to give proteins. Amide bonds are not limited to biological systems 
and are indeed present in a huge array of molecules, including major marketed drugs. Amide derivatives possessing anti- 
inflammatory (Galanakis et al, 2004; Kumar et al, 1993; Ban et al, 1998), antimicrobial (Ukramets et al, 2006), anti- 
tubercular (Lesyk et al., 2004) and antiproHferative (Gududuru et al, 2004) activities are reported in the literature. 
Crystal structures of some related amide derivatives include, viz., 4-(4-iodoanilino)-2-methylene-4-oxobutanoic acid and 
4-(3-fluoro-4-methylanilino)-2-methylidene-4-oxobutanoic acid (Nayak et al, 20l3a,b). Hence in view of its 
pharmacological importance, the title compound 4-[(4-bromophenyl)amino]-2-methylidene-4-oxobutanoic acid (1), 
CiiHioBrNOs, was synthesized from 3-methylidenedihydrofuran-2,5-dione with good yields and its crystal structure is 
reported here. 

In the title compound, two independent molecules (A & B) crystallize in the asymmetric unit (Fig. 1). The N-C(=0) 
bond lengths of 1.359 (6)A (A) and 1.346 (6)A (B) are indicative of amide-type resonance. The bond lengths of the 
remaining atoms are in normal ranges (Allen et al., 1987). In the crystal, classical N — H—0 and O — hydrogen 
bonds are observed supported additionally by weak C — H - 0 intermolecular interactions between the 2-methyIidene and 
amide groups (Table 1, Fig. 2) linking the molecules into chains of dimers along [1 10]. The N — H---0 hydrogen bonds 
are supported by the carbonyl oxygen atom of the amide functionality as the acceptor. The carboxylic acid groups form a 
dimeric hydrogen bonding pattern commonly seen for many carbolylic acids into ^2^(8) graph-set motifs (Fig. 3). The 
dihedral angles between the mean planes of the 4-bromophenyl ring (C6A-C1 lA or C6B-C1 IB) and oxoamine group 
(N1A/C1A/01A/C2A or N1B/C1B/01B/C2B) are 24.8 (7)° (A) and 77.1 (6)° (B), respectively. The mean plane of the 2- 
methylidene group (C2A-C5A or C2B-C5B) is further inclined by 75.6 (4)° (A) and 72.5 (6)° (B) from that of the oxo- 
amine group (Nl A/ClA/01 A/C2A or N1B/C1B/01B/C2B). 

2. Experimental 

3-Methylidenedihydrofuran-2,5-dione (0.112 g, 1 mmol) was dissolved in 30 ml acetone and stirred at ambient 
temperature. 4-Bromoaniline (0.172 g, 1 mmol) in 20 mL acetone was added over 30 mins (Fig. 4). After sirring for 1.5 h 
the slurry was filtered. The solid was washed with acetone and dried to give title compound, CnHioBrNOs. Single crystals 
were grown from methanol by the slow evaporation method (yield 0.248 g, 87.32%; m.p.: 441^43 K). 

3. Refinement 

All of the H atoms were placed in their calculated positions and then refined using the riding model with Atom — H 
lengths of O.95A (CH), 0.99A (CHj), 0.88A (NH) or 0.84A (OH). Isotropic displacement parameters for these atoms 
were set to 1.2 (CH, CH2, NH) or 1.5 (OH) times Uai of the parent atom. The idealised tetrahedral OH was refined as a 
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rotating group: 03A(H3A), 03B(H3B). The highest four peaks in the residual density map are at approximately 1 A from 
the bromine atoms and have a height of about 2 eVA^ 




Figure 1 

ORTEP drawing of the title compound, CnHioBrNOs, showing the labeling scheme with 30% probability displacement 
ellipsoids. 




Molecular packing for the title compound viewed along the a axis. Dashed lines indicate N — H - 0, O — H - 0 hydrogen 
bonds and weak C — H - 0 intermolecular interactions linking the molecules into chains of dimers along [1 1 0]. H atoms 
not involved in hydrogen bonding or weak intermolecular interactions have been removed for clarity. 
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Figure 3 

Molecular packing for the title compound viewed along the b axis. Dashed lines indicate O — H - O hydrogen bonds 
between the carboxylic groups forming 7?2^(8) graph-set motifs linking the molecules into chains of dimers along [1 10]. 
H atoms not involved in hydrogen bonding have been removed for clarity. 




Figure 4 

Synthesis of CuHioBrNOs. 
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4-[(4-Bromophenyl)amino]-2-methylidene-4-oxobutanoic acid 

Crystal data 



CiiHioBrNOs 




F= 1101.38 (11) A3 


Mr = 284.11 




Z= 4 


ilH^lllllC, / 1 






n ^ ft 9787 (d^ A 




n =171^ Ma m 3 


h = R "^9^1 A 




Cu fCn rarWaiirm J = 1 A 
\_/U ivw iduiaiiijii, A 1 1 ot^ 


n = 0\ 'XIAA A 




— J.Ut 111111 






T= 1 11, V 


= 92.026 (5)° 






y = 95.390 (5)° 




0 44 X 0 98 X 0 1 4 mm 


Data collection 






Agilent Eos Gemini 




7163 measured reflections 


diffractometer 




4131 independent reflections 


Detector resolution; 16.0416 pixels mm" 


1 


3490 reflections with / > 2(7(1) 


CO scans 




Rm = 0.033 


Absorption correction: multi-scan 




Oiudx 71.3 , ^min 4.2 


{CrysAlis PRO and CrysAlis RED; Agilent, 


h = -7^6 


2012) 




A: = -8^10 


7U = 0.162, 7;^= 1.000 




/ = -26^25 


Refinement 






Refinement on 




Pfimn'TV atnTTi ^itp lopatiniT *itTiiftiirp-invfirifi'nt 

XlllllCUy CtHJlll dll.& L\J\^(ll.l\Jll, o 11 IIU ^ 111 V fcU IcUll 


Least-squares matrix: full 




direct methods 


R[P > 2a{I^y\ = 0.076 




Hydrogen site location: inferred from 


wR{F^) = 0.227 




neighbouring sites 


S= 1.03 




H-atom parameters constrained 


4131 reflections 




w = 1 V(Fo2) + (0.1446P)2 + 3.2341^] 


291 parameters 




where P = (F„^ + 2i^/)/3 


0 restraints 




(A/<ax< 0.001 






Ap^ = 2.73eA-3 






Ap„^ = -0.79eA-3 


Special details 






Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 


matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 


correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 


(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 


Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 


X 


y 




BrlA 0.19572(14) 


0.90862 (10) 


0.46174 (4) 0.0619 (3) 


OlA 0.8488 (6) 


0.7490 (4) 


0.20741 (18) 0.0363 (9) 


02A 0.6832 (6) 


0.6335 (5) 


0.05368 (18) 0.0338 (8) 


03A 1.0137(6) 


0.7205 (5) 


0.02870 (19) 0.0370(9) 


H3A 0.9464 


0.7607 


0.0005 0.056* 


NIA 0.5872 (7) 


0.5635 (5) 


0.2341 (2) 0.0275 (9) 


HIA 0.5246 


0.4649 


0.2229 0.033* 


CIA 0.7571 (7) 


0.6114(6) 


0.2006 (2) 0.0240 (9) 


C2A 0.8300 (8) 


0.4766 (6) 


0.1541 (2) 0.0266(10) 
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HzAA 


0.9036 


A A AA /I 

0.4004 


A 1 nnn 

v.mi 


A AT 1 A 

0.032^ 


H2AB 


A T AO O 

0.7033 


0,4152 


0.1307 


A AO rfs 

0.032* 


C3A 


u.y /yo (oj 


O.D44o (OJ 


0.10/8 (2) 


O.Oz/4 (lOj 


r^A A 




A zracQ 
0.o3jo (O) 


A f\^r\/i /''*>^ 
(J.U0U6 (2) 


o.ozoy (lOj 


/~^C A 

C5A 


1 IOTA /A\ 

1.1 o39 (9) 


0.5217 (7) 


A 1 A£ A /">\ 

0.1064 (3) 


A AT Z A /I 1 \ 

0.0354 (11) 






0.5o3o 


A AT /I A 

0.0 /4y 


A A /IO * 

0.042^ 


H5AB 


1.2461 


A A itn o 

0.4633 


A 1 -0 TA 

0.1370 


A A /I * 

0.042* 


CoA 


O.jUuy (5) 


O.o552 (o) 


U.284y (2) 


A AOTA i 1 A\ 
0.02 /y (10) 


C /A 


U.0ij4 (lO) 


0. /ooO (/J 


A TOO 1 /"2\ 

v.iZZl (3) 


U.U3 /5 (12) 


H7A 


0.7542 


A O T A 

0.8230 


0.3118 


0.045* 


CoA 


U.D226 (11) 


0.861 / (8) 


0.3 /33 (3) 


A A/l /I 0 /"I /l\ 

0.0448 (14) 


H8A 


0.6006 


0.9516 


0.3981 


0.054* 


/^O A 


rv "2 1 OA ^1 n\ 

U.3iy6 (lUJ 


U.8U86 (/) 


A •2000 /"2\ 

U.38y2 (3) 


A A/I AA /'I 
U.U4UU (13) 


CiUA 


A 'Irtl fi /'A\ 

o.2uiy (y) 


0.6/ 11 (8) 


0.352y (3) 


0.0426 (13) 


TT 1 A A 


A A^AO 

0.0608 


A /I 1 C 

0.6415 


A 1 /I 

0.3634 


A AC 1 * 

0.051^ 


1 1 A 

Ci lA 


o.2y42 (yj 


0.6008 ( /) 


0.301 / (3J 


A A^m 

U.l)3y2 (12) 


T T 1 1 A 


A ^ 1 

0.2172 


A C AAA 

0.5099 


0.2774 


A A /I "7* 

0.047* 


BriB 


i.jo/2y (11) 


A C2 0/CA fCi\ 

0.53869 (9) 


0.5559/ (3) 


A AC 1 0 /''2\ 

0.0518 (3) 


OIB 


0.6584 (6) 


0.7564 (4) 


0.79041 (17) 


0.0313 (8) 


UzB 




0.8/20 (5) 


0.y4320 (I5) 


A AT T '5 /0\ 

0.0333 (8) 


UoB 


A A Qf\Q 


U. /82U (D) 


o.yoooy (lyj 


U.U365 (8) 


H3B 


f\ C A AA 

0.5499 


0.7275 


A A A 1 A 

0.9919 


0.055* 


NIB 


0.8836 (7) 


0.9562 (5) 


0.7586 (2) 


0.0310 (9) 


HIB 


A AOTO 


1.0606 


0. /645 


A An* 
0.03 


L-iB 


U. /3Uj ( /) 


o.oyyz (oj 


U. /y54 (2) 


0.023 / (y) 


C2B 


0.6529 (8) 


1 A^AC 

1.0295 (6) 


0.8428 (2) 


A A'^T^ / 1 A\ 

0.0276 (10) 


H2BA 


0.7784 


1.0939 


0.8657 


A AO 0 ^ 

0.033* 


H2BB 


A /I A 

0.5740 


1 1 A y1 A 

1.1040 


A 0 1 AO 

0.8198 


A AO 0 * 

0.033* 


C3B 


U.DUOy (8) 




A OOAA 

u.syuu (2) 


A A'*) CO /"OX 

U.U252 (y) 


C4B 


I). 6144 (o) 


0.66 /O (6) 


0.9365 (2) 


A AO CO /'A\ 

0.0258 (9) 


C5B 


A O AO /0\ 

0.3032 (8) 


0.9786 (7) 


A OAOA 

0.8930 (2) 


A AO 01 / 1 1 \ 

0.0331 (11) 


HDBA 


A n 1 A 
0.22 ly 


A m ^ 1 
0.9351 


A A'>CA 

0.9250 


A A/IA* 

0.040^ 


TTCTiTl 

H5BB 


0.2367 


1 A'^ 

1.0368 


0.8632 


A A<1AA 

0.040* 


CoB 


A ATAI /0\ 

0.9792 (8) 


O.o566 (6) 


ATI A "7 /TN 

0.7107 (2) 


A AIAT /I A\ 

0.0297 (10) 


C/B 


1 ion /A\ 
1.153/ (9) 


A o 1 1 o (n\ 
O.ollo (/) 


0. /222 (3) 


A AO 0 /I i \ W 

0.0334 (11) 


H7B 


1.2567 


f\ O A AC\ 

0.8449 


A T/T^A 

0.7620 


t\ t\A Ask 

0.040* 


CoB 


1.2805 (8) 


U. / 1 88 ( /) 


U.6 /54 (3) 


U.0343 (11) 


H8B 


1.4207 


0.6889 


0.6830 


0.041* 


C9B 


1.1733 (9) 


0.6699 (7) 


0.6181 (2) 


0.0336(11) 


ClOB 


0.9703 (9) 


0.7144 (8) 


0.6061 (3) 


0.0424 (13) 


HlOB 


0.8977 


0.6808 


0.5663 


0.051* 


CUB 


0.8740 (8) 


0.8084 (7) 


0.6526 (3) 


0.0359 (12) 


HUB 


0.7350 


0.8398 


0.6445 


0.043* 



Atomic displacement parameters (A^) 

jjii jjn jj» JJ12 JJ13 jja 

BrlA 0.0789(6) 0.0637(5) 0.0493 (5) 0.0310(4) 0.0312(4) 0.0047(3) 



Acta Cryst. (2014). E70, o779-o780 



sup-5 



supporting information 



UiA 


U.U4i (^zj 




A A/1 A /T\ 
U.U4U (Z j 


n AA/i o /I /:^ 
— U.UU4o (ioj 


A A1 1 T /'I /^\ 

U.Ui 1 / (io) 


A AATT / 1 /l^ 

— U.UUZ / (14) 


UzA 


n AO AC / 1 o\ 
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A A1 A /0\ 
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U.U4U (z) 
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U.UU3U (14) 


A A 1 1 1 /I c^ 

U.U113 (l3) 


r\i A 


f\ AT70 /I 0\ 

U.Oz/o (io) 


A A/1 T 

U.U4 / (z) 


A A-IA /'T\ 

u.u3y (Z) 


U.UU3 / (lo) 


A AAI T / 1 C \ 

\j,\j\j5 / (i j) 


U.UlzD (lo) 


XT1 A 

JN lA 


A AT7 
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U.U3z (z) 
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U.UUlU (1 /) 
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A ATA 

u.uzy (z) 


A AT 1 /T\ 

U.Uzi (Z) 


A A1A /'T\ 

U.U3U (z) 


U.UUoj (lo) 


A AA 11 /I C>\ 

U.UUll (lo) 


A AA1 A ^^ n\ 
U.UU14 (1 /) 


C3A 


U.Ozo (ZJ 


A AT 1 /'T\ 

U.Uzi (ZJ 


A A'3 1 
U.U3i (Z) 


U.UU3j (io) 


A AA1 '7/1 A\ 

U.UUl / yVy) 


A AA'3A /I 0\ 

— u.uu3y (lo) 


C4A 


U.Uzo (z) 


U.Uzo (z) 


A ATT /T\ 

U.Uz / (z) 


A AAT1 /I 0\ 

O.UOz3 (lo) 


A AAC1 /I 0\ 

U.UU33 (lo) 


A AAT A /I 0\ 

— U.UUz4 (lo) 
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A A'2 '2 
U.UJ J (3 ) 


A A/1 A 
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A A 1 1 /'T^ 
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A AAI /TA 
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A AT A /T\ 
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U.UUo4 yiy) 


A AACO /I 0\ 

U.UUDo (lo) 


C/A 


A A>1 yl 
U.U44 (3) 


A A'2A 

\).\j5\j (3) 


U,U3o (3) 


A AAA 
U.UUU (ZJ 


A AAT /'T\ 

U.UU/ (z) 


A AA1 /T\ 

U.UUl (z) 


CoA 


A ACC 

U.Ujj (4) 


A A /I A /1\ 

U.U4U (3) 


A A1 O /I \ 

U.U3o (3) 


A AA/1 

U.UU4 (3) 


A AAT /1\ 

U.UU / (3) 


A AA 1 /T\ 

—U.UUl (z) 


CyA 


U.U4/ (3) 


A AlO f1\ 

U.U3y yi) 


U.U3y yj ) 


A A 1 O 

u.Uiy (3 ) 


A AT 1 /'T\ 

U.Uzl (z) 


A AAQ /TA 

U.UUo yZ) 


1 A 


A A'2A t1\ 

\j.\j5yj (3) 


A A/1 /I \ 

U.U4d (3) 


A AC/1 //l\ 

U.Uj4 (4) 


A AAA /'T\ 

u.uuy (Z) 


A A1 /'T^ 

U.U lo (z) 


A AAO t1\ 

U.UUo (3) 


CllA 


A AT A \ 

0.030 (3) 


A AT A /I \ 

0.034 (3) 


A AC /I \ 

0.054 (3) 


0.003 (2) 


A A 1 1 /T\ 

0.011 (2) 


A AAT /T\ 

0.002 (2) 


BrlB 


0.0303 (p) 


0.0633 (Dj 


A A^TO { A\ 

0.0425 (4) 


A AT T A /T \ 
0.0220 (3) 


AA1/IT /^T\ 

0.0143 (3) 


A AACA /T\ 

— 0.005y (3) 


UId 


n AT TO /I A\ 

0.0333 y^y) 


A ATT /I /I 'TA 

0.0234 (i /J 


0.0361 (lyj 


A AAA/1 /"I /1\ 

—0.0004 (14j 


A AAOO ^^ A\ 

0.008y (14) 


A AAA^ ^^ A\ 

—0.0006 (14) 


UzrJ 


0.0/43 (loj 


A A'S O 

0.03o (2) 


A A'3A /'T\ 

0.03y (2) 


A AA/1 1 /I ^\ 

0.0041 (15) 


A AA/1 1 tt A\ 

0.0041 (14) 


A A1 1 ■I /I C\ 

0.0113 (15) 




A AT CT /I T\ 
0.0252 (1 /) 


A A/n /T\ 

0.04 / (2j 


A A/IA /T\ 

0.040 (2) 


A A A /I C /I ^\ 

0.0045 (16) 


A AAT T / 1 /I \ 

0.0022 (14) 


A A 1 /I T M ^\ 

0.0143 (16) 


XT 1 ID 

JN Id 


A A'5A /0\ 
0.030 (2.) 


A AT A /^T\ 

0.024 (2j 


A t\in /T\ 

0.03 / (2.) 


A AAAO / 1 n\ 

O.OOOo (1 /) 


A AAAT / 1 n\ 

0.0092 (1 /) 


A AA IT /I £i\ 

—0.0013 (16) 




O.OzO (2; 


A AT /I /'T^ 
0.024 (^2 j 


A ATT /T^ 

O.Oz / (z) 


0.005 / (lo) 


A AA1 ^ /I n\ 

—0.0015 (1 /) 


A AAA/1 ^^^\ 
0.0004 (1 /) 


CzB 


A AIA /T\ 

0.030 (2) 


A ATT /T\ 
0.022 (2) 


A ATT /T\ 

0.032 (2) 


A AACA /1 A\ 

0.0050 (19) 


A A A An yi A\ 

0.0047 (19) 


A AAAO /I 0\ 

0.0008 (18) 


C3B 


0.026 (2) 


A ATA /T\ 

0.020 (2) 


A ATA /T\ 

0.029 (2) 


A AAT A /I 0\ 

0.0034 (18) 


AAAT1 /10\ 

0.0031 (18) 


A AAT A /I n\ 

—0.0034 (17) 


(_4B 


A AT yl /T\ 
0.024 (1) 


A AT C /T\ 
0.02D (I) 


A AT O /'T\ 

0.028 (2J 


A AACT /I 0\ 

0.0052 (lo) 


A AAT £ / 1 T\ 

0.0026 (1 /) 


A AA IT /I n\ 

—0.0013 (1 /) 


CDrs 


A A-J 1 /T\ 

0.031 (3) 


A ATT 

0.03 / (^3) 


A Al 1 /"lA 

0.031 {i) 


A AAO /'T^ 

0.008 (z) 


A AAT 

0.002 (2) 


A AA1 /"TA 

—0.001 (2) 


CoB 


A AT O /T^ 

0.026 (2) 


A AT/: /T\ 

0.026 (2) 


A AT /T \ 

0.036 (3) 


A AAT C / 1 A\ 

0.0035 (ly) 


A AAOT / 1 A\ 
0.008 / (19) 


A AAT A / 1 A\ 

0.0030 (ly) 


C7B 


0.032 (3) 


0.035 (3) 


0.033 (3) 


0.004 (2) 


0.002 (2) 


0.002 (2) 


C8B 


0.030 (3) 


0.041 (3) 


0.034 (3) 


0.013 (2) 


0.005 (2) 


0.004 (2) 


C9B 


0.033 (3) 


0.036 (3) 


0.033 (3) 


0.008 (2) 


0.009 (2) 


0.000 (2) 


ClOB 


0.032 (3) 


0.060 (4) 


0.034 (3) 


0.009 (3) 


-0.002 (2) 


-0.001 (2) 


CUB 


0.026 (2) 


0.046 (3) 


0.038 (3) 


0.011 (2) 


0.002 (2) 


0.006 (2) 



Geometric parameters (A, °) 



BrlA— C9A 


1.899 (5) 


BrlB— C9B 


1.893 (5) 


OlA— CIA 


1.223 (6) 


OIB— CIB 


1.224(6) 


02A— C4A 


1.225 (6) 


02B— C4B 


1.226 (6) 


03A— H3A 


0.8400 


03B— H3B 


0.8400 


03A— C4A 


1.312(6) 


03B— C4B 


1.311 (6) 


NIA— HIA 


0.8800 


NIB— HIB 


0.8800 


NIA— CIA 


1.359 (6) 


NIB— CIB 


1.346 (6) 


NIA— C6A 


1.408 (6) 


NIB— C6B 


1.428 (6) 


CIA— C2A 


1.527 (6) 


CIB— C2B 


1.525 (6) 


C2A— H2AA 


0.9900 


C2B— H2BA 


0.9900 


C2A— H2AB 


0.9900 


C2B— H2BB 


0.9900 


C2A— C3A 


1.506 (7) 


C2B— C3B 


1.511 (7) 


C3A— C4A 


1.487 (7) 


C3B— C4B 


1.488 (7) 


C3A— C5A 


1.316(7) 


C3B— C5B 


1.321 (7) 
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C5A— H5AA 0.9500 

C5A— H5AB 0.9500 

C6A— C7A 1.391 (7) 

C6A— CllA 1.406(7) 

C7A— H7A 0.9500 

C7A— C8A 1.367 (8) 

C8A— H8A 0.9500 

C8A— C9A 1.377 (9) 

C9A— ClOA 1.400 (9) 

ClOA— HlOA 0.9500 

ClOA— CllA 1.374(8) 

CllA— HllA 0.9500 

C4A— 03A— H3A 109.5 

CIA— NIA— HIA 116.6 

CIA— NIA— C6A 126.8 (4) 

C6A— NIA— HIA 116.6 

OlA— CIA— NIA 123.8 (4) 

OlA— CIA— C2A 122.0 (4) 

NIA— CIA— C2A 114.1 (4) 

CIA— C2A— H2AA 109.4 

CIA— C2A— H2AB 109.4 

H2AA— C2A— H2AB 108.0 

C3A— C2A— CIA 111.3(4) 

C3A— C2A— H2AA 109.4 

C3A— C2A— H2AB 109.4 

C4A— C3A— C2A 115.1 (4) 

C5A— C3A— C2A 123.7 (5) 

C5A— C3A— C4A 121.1 (5) 

02A— C4A— 03A 123.5 (5) 

02A— C4A— C3A 121.9 (5) 

03A— C4A— C3A 114.5 (4) 

C3A— C5A— H5AA 120.0 

C3A— C5A— H5AB 120.0 

H5AA— C5A— H5AB 120.0 

C7A— C6A— NIA 124.1 (5) 

C7A— C6A— CllA 118.7(5) 

CllA— C6A— NIA 117.0(5) 

C6A— C7A— H7A 119.7 

C8A— C7A— C6A 120.5 (6) 

C8A— C7A— H7A 119.7 

C7A— C8A— H8A 119.7 

C7A— C8A— C9A 120.5 (6) 

C9A— C8A— H8A 119.7 

C8A— C9A— BrlA 120.8 (5) 

C8A— C9A— ClOA 120.5 (5) 

ClOA— C9A— BrlA 118.6(4) 

C9A— ClOA— HlOA 120.6 



C5B— H5BA 0.9500 

C5B— H5BB 0.9500 

C6B— C7B 1.392 (7) 

C6B— CUB 1.382(8) 

C7B— H7B 0.9500 

C7B— C8B 1.385 (8) 

C8B— H8B 0.9500 

C8B— C9B 1.375 (8) 

C9B— ClOB 1.383 (8) 

ClOB— HlOB 0.9500 

ClOB— CUB 1.384(8) 

CUB— HUB 0.9500 

C4B— 03B— H3B 109.5 

CIB— NIB— HIB 118.2 

CIB— NIB— C6B 123.7 (4) 

C6B— NIB— HIB 118.2 

OIB— CIB— NIB 123.0 (4) 

OIB— CIB— C2B 123.2 (4) 

NIB— CIB— C2B 113.8(4) 

CIB— C2B— H2BA 109.2 

CIB— C2B— H2BB 109.2 

H2BA— C2B— H2BB 107.9 

C3B— C2B— CIB 112.3(4) 

C3B— C2B— H2BA 109.2 

C3B— C2B— H2BB 109.2 

C4B— C3B— C2B 116.0(4) 

C5B— C3B— C2B 123.6 (5) 

C5B— C3B— C4B 120.3 (5) 

02B— C4B— 03B 123.7 (4) 

02B— C4B— C3B 122.0 (5) 

03B— C4B— C3B 114.2(4) 

C3B— C5B— H5BA 120.0 

C3B— C5B— H5BB 120.0 

H5BA— C5B— H5BB 120.0 

C7B— C6B— NIB 119.2(5) 

CUB— C6B— NIB 121.0(5) 

CUB— C6B— C7B 119.8(5) 

C6B— C7B— H7B 120.1 

C8B— C7B— C6B 119.8(5) 

C8B— C7B H7B 120.1 

C7B— C8B— H8B 120.1 

C9B— C8B— C7B 119.8(5) 

C9B— C8B— H8B 120.1 

C8B— C9B— BrlB 118.8(4) 

C8B— C9B— ClOB 120.8 (5) 

ClOB— C9B— BrlB 120.4 (4) 

C9B— ClOB— HlOB 120.3 
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CllA— ClOA— C9A 


118.7(5) 


C9B— ClOB— CUB 


119.4 (5) 


CllA — ClOA — ^HlOA 


120.6 


1 1 1 AT* T T 1 ATI 

CUB — ClOB — ^HlOB 


120.3 


/"IZ" A 1 1 A TT1 1 A 

CoA — CllA — ^HllA 


119.5 


CoB — C 1 1 B — C 1 OB 


120.3 (5) 


ClUA — CllA — CoA 


121.1 (5) 


CoB — CUB — HUB 


1 1 A 0 

119.8 


/~<1AA /~*11A TT11A 

ClUA — CllA — ^HllA 


1 1 A C 

119.5 


AT> /~^11Ti TT11T> 

ClUB — CI IB — HUB 


1 1 A 0 

119.8 


BrlA — C9A — ClOA — CllA 


—m.o (5) 


T> — 1 T> /~1AT> /~1 1 ATI 1 1 T> 

BrlB — C9B — ClOB — CUB 


1 TA A / C\ 

179.0 (5) 


r\ 1 A 1 A A A 

OlA — CIA — C2A — C3A 


-15.6 (6) 


OIB — CIB — C2B — C3B 


10.3 (6) 


XT1 A 1 A A A 

N 1 A — C 1 A — Cz A — C 3 A 


166.0 (4) 


N 1 B — C 1 B — CzB — C3 B 


-170.7 (4) 


N 1 A — CoA — C7A — C8A 


-175.5 (5) 


N 1 B — C6B — C7B — C8B 


-178.3 (5) 


NIA — CoA — CllA — ClOA 


176.3 (5) 


N 1 B — C6B — C 1 1 B — C 1 OB 


178.8 (5) 


/— 1 1 A "Ml A f A /~''7 A 

CIA — NIA — C6A — C7A 


-22.1 (8) 


C 1 B — N 1 B — C6B — C7B 


-103.4 (6) 


1 A "Ml A /^ZTA /~^11A 

CIA — JN lA — CoA — CllA 


163.5 (5) 


C 1 B — JN 1 B — CoB — C 1 1 B 


78.4 (7) 


C 1 A — C2 A — C3 A — C4A 


'TA A /C\ 

-70.4 (5) 


C 1 B — C2B — C3B — C4B 


69.5 (5) 


CIA — C2A — C3A — C5A 


112.3 (5) 


CIB — C2B — C3B — C5B 


-113.4 (5) 


C2A — C3A — C4A — 02A 


-10.9 (7) 


C2B — C3B — C4B — 02B 


11.7 (7) 


CzA — CiA — C4A — L)3A 


1 zn c / /I \ 

167.5 (4) 


/"^TT) /~^OT> /~^/1T> /^TTJ 

CzB — C3B — C4B — (J3B 


£.0 A { A\ 

—168.0 (4) 


C5A — C3A — C4A — 02A 


166.4 (5) 


C5B — C3B — C4B — 02B 


-165.5 (5) 


C5A — C3A — C4A — 03A 


-15.1 (7) 


C5B — C3B — C4B — 03B 


14.8 (7) 


r^t^ A "Ml A {~^\ A r\'\ A 

C 6 A — JN 1 A — C 1 A — (J 1 A 


-6.1 (8) 


CoB — N 1 B — C 1 B — (J 1 B 


—0.6 (8) 


A XT1 A 1 A /"^'^ A 

CoA — 1 A — C 1 A — Cz A 


172.3 (4) 


CoB — JN 1 B — C 1 B — CzB 


—179.6 (4) 


CoA — C7A — C8A — C9A 


A T /A\ 

0.7 (9) 


/"IZ'Tl /"ITTl /~10T> /~1AT1 

C6B — C7B — C8B — C9B 


-0.6 (8) 


C / A — CoA — C i 1 A — C 1 U A 


1 /'A\ 

1.6 (9) 


C / B — C6B — C 1 1 B — C 1 OB 


0.6 (9) 


C7A— C8A— C9A— BrlA 


178.0 (5) 


C7B— C8B— C9B— BrlB 


-178.5 (4) 


C7A— C8A— C9A— C 1 OA 


-0.6 (10) 


C7B— C8B— C9B— ClOB 


0.9 (9) 


C 8 A— C9 A— C 1 0 A— C 1 1 A 


1.0(9) 


C8B— C9B— C 1 OB— C 1 IB 


-0.4 (10) 


C9A— C 1 OA— C 1 1 A— C6A 


-1.5 (9) 


C9B— C 1 OB— C 1 1 B— C6B 


-0.3 (9) 


C 1 1 A— C6A— C7A— C8A 


-1.1 (8) 


CUB— C6B— C7B— C8B 


-0.1 (8) 



Hyclrogcn-hond geoiuetry (A, ") 



D—R-A 


D—R 


Yi-A 


D-A 


Z)— H"v4 


03A—mA-02B' 


0.84 


1.85 


2.685 (5) 


174 


NU— HU-OIS" 


0.88 


2.06 


2.933 (5) 


170 


03S— H3fi-02^"' 


0.84 


1.82 


2.654 (5) 


170 


N15— H15-0U" 


0.88 


2.04 


2.848 (6) 


152 


C5B—Y{5BB-0\A^ 


0.95 


2.54 


3.464 (7) 


164 


Symmetry codes: (^i)x,y,z-\; (ii) -x+\, 


-z+l; (iii) x,y, z+1; (iv) ■ 


-rf2, -^2, -z+l;(v)- 


-x+l, -y^-2, -z+l. 
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